A substantial body of medical and epidemiological research on smoking has convinced most health professionals that cigarette smoking produces long-term ill effects (e.g., higher mortality rates and greater morbidity for diseases such as cancer, cardiorespiratory disease, and emphysema). A smaller body of literature is also developing which indicates that smoking has rapid-onset adverse effects on health (e.g., respiratory symptoms), physiological (e.g., pulmonary)
functioning, and physical fitness even among healthy young individuals. Such rapid-onset negative effects of smoking could have important implications for the military, as it has even higher smoking rates than the U.S. population at large.
Objective
The purpose of this study was to examine smoking prevalence in a large group of Navy men and to assess the impact of smoking on their physical fitness.
Approach
Self-reported demographic and smoking information was provided by 1,357 Navy men stationed aboard ships in the San Diego area. Demographic variables examined were age, years of schooling, race/ethnicity, officer/enlisted status, pay grade, and years in the Navy. Smoking variables included smoking status (e.g., never smoked, former smokers, current smokers) and average amount smoked per day. Physical fitness was measured as performance on the Navy's annual physical readiness test which includes a 1.5-mile run/walk, 2-minute sit-ups test, sit-reach flexibility test, and a percent body fat assessment. Physical fitness scores were provided by ship personnel assigned to administer the annual test.
Results
Self-reported smoking status indicated that 49.8% were current smokers, 20.3% were former smokers, and 29.9% had never smoked. Four demographic variables were significantly associated with smoking status: race, education, officer/enlisted status, and years in the service. Smokers were more likely to be non-Black enlisted personnel with lower education who had been in the Navy longer and tended to be older.
Smoking also had a clear negative impact on physical fitness, most notably on cardiorespiratory endurance (1.5-mile run performance) and muscular endurance (sit-ups test).
Conclusions
The high rate of smoking among Navy personnel and the clear negative impact of smoking 2 on physical fitness suggest that the Navy should implement strong anti-smoking programs. These programs should focus heavily on prevention as men who had never smoked tended to be leaner, could do more sit-ups, and scored higher on the overall physical fitness rating than current smokers and former smokers. Programs which get people to stop smoking should also improve cardiorespiratory and muscular endurance as former smokers performed better on the 1.5-mile run and sit-ups tests than current smokers. In addition to the adverse impact on physical fitness, the high rates of smoking should be a cause for general concern in the Navy because previous research has shown that smokers are more costly to employers. These costs include higher health care costs, lost productivity, and increased absenteeism. (Ravenholt, 1985) . This addiction has been linked to cardiovascular disease, including coronary heart disease, aortic aneurysm, and cerebral vascular disease; cancers of the pharynx, larynx, lung and bronchus, esophagus, stomach, colon, rectum, liver, pancreas, and bladder; and emphysema (Ravenholt, 1985) .
In 1983 the Surgeon General reported that 30% of all coronary heart disease deaths in the United States could be attributed to cigarette smoking. The American Cancer Society estimates that cigarette smoking is responsible for 325,000 early deaths each year for diseases of the lung, heart, and circulatory system (Health, Education, & Welfare, 1977) . About one in ten heavy smokers eventually gets lung cancer. Hammond and Horn (1958) have found that smokers were 15 times more likely to die of emphysema than nonsmokers.
This now substantial body of medical and epidemiological research on smoking has convinced most health professionals that cigarette smoking produces long-term ill effects on health (e.g., higher mortality rates and types of morbidity such as cancer which take many years to develop). Smoking also appears to have short-term (i.e., rapid onset) effects on health and physiological functioning. One investigator found that 72% of recruits on an acute respiratory disease ward smoked at least one-half pack of cigarettes per day (John, 1977) . In addition, he found that the diagnosis of bronchitis or lower respiratory infection was made three times more often in smokers than nonsmokers. Enjeti, Hazelwood, Permutt, Menkes & Terry (1978) examined the lung capacity of young smokers (18 to 25 years). They found reduced capacity in both males and females. Beck, Doyle, and Schachter (1981) did a cross-sectional survey of people seven years of age and older to determine the relationship between cigarette smoking and lung function. There were 7,203 participants who were divided into seven age groups (7-14, 15-24, 25-34, 35-44, 45-54, 55-64, 65+) . Pulmonary function data obtained on all respondents indicated an increasing progression of lung function loss with age in males and females in all smoking categories. Some decreased lung function was found in smokers as young as 15 to 24 years old. These rapid onset effects of smoking are insidious because smokers may not realize that they are experiencing reduced lung capacity for a decade or more.
A related area of physiological functioning that should be affected by cigarette smoking even among healthy young people is physical fitness. A study conducted by Biersner, Gunderson, and Rahe (1972) examined the relationship between sports interests, smoking, and physical fitness in 241 Navy enlisted men enrolled in Underwater Demolition Team (UDT) training. They found that smoking was negatively correlated with both sports interest and physical fitness. Another study examined the relationship between smoking and physical fitness in a group of 54 Army enlisted personnel who were divided into six subgroups: male present smokers, former smokers, and nonsmokers, and female present smokers, former smokers, and nonsmokers (Jensen, 1986) . Physical fitness performance scores included push-up and sit-up events and a two-mile run.
The results indicated that male and female nonsmokers had higher scores on all of the physical fitness events than the smokers with one exception. The only event for which nonsmokers did not exceed former and current smokers was push-ups.
Although these studies show an inverse relationship between smoking and physical fitness, the sample size in the Army study (Jensen, 1986) was small and the Navy study (Biersner et al., 1972) Iannacchione, 1986) showed that 56% of males and 48% of females in the military smoked.
These rates can be compared to 36% for males and 29% for females in the United States population during 1983 (Schoenborn & Cohen, 1986) . Because of the military's high smoking rates and because smoking may be related to decreased health and physical readiness, the impact of smoking in the military needs to be examined carefully. The purpose of this study was to examine the effects of smoking on physical fitness in a large group of Navy shipboard personnel.
Methods
Subjects aA group of 1,357 male shipboard personnel filled out self-report surveys asking about various lifestyle habits and attitudes toward health and fitness. These men were participants in a larger study examining baseline levels of physical readiness among Navy personnel (Conway & Dutton, 1985) . They were stationed aboard nine ships whose home port was San Diego. These nine ships were part of a subgroup of 23 San Diego-based ships asked to participate if scheduling of their annual physical readiness testing coincided with the study's data collection phase (January through October, 1984) . The ship types included one aircraft carrier, one cruiser, two frigates, two destroyers, and three amphibious warships.
No female sailors were included in this study because only 3 of 90 San Diego-based ships had women assigned to them, and none of these ships became part of the group studied.
The average age of the participants was 26.0 years (SD = 6.2) with a range from 18-51 years of age. The median paygrade was E-4. Enlisted personnel comprised 93% and officers 7% of the sample, which slightly overrepresents enlisted personnel relative to the 88% found in the Navy at large (Naval Military Personnel Command, 1984 which classified individuals as having never smoked, being a former smoker, or being a current smoker; and 2) average amount smoked per day. The latter measure was based on a 10-category response scale: 0, 1-5, 6-10, 11-15, 16-20, 21-25, 26-30, 31-35, 36-40, and 41+ of cigarettes, cigars, or pipefuls of tobacco. reported that they were former smokers. Philippino/Malayans also showed a higher rate of those who had never smoked (38.6% compared to 29.9% overall), the slightly higher percentage of Philippino/Malayan current smokers (52.9% compared to 49.8% overall) indicated that once they had started smoking they were less likely to quit.
Results

Smoking Prevalence
Considering officer/enlisted status, a much higher percentage (42.4% compared to 29.9% overall) of officers said they had never smoked. Also, more officers were former smokers (27.2% compared to 20.3% overall), and fewer officers said they were currently smokers (30.4% compared to 49.8% overall).
Finally, the length of time a person had been in the Navy was associated with smoking. The main deviation from the expected frequencies was for those who had been in the service 16 or more years: these individuals were more likely to be current smokers (63.3% compared to 49.8% overall). Conversely, those who had been in the service for one year or less were somewhat less likely to be current smokers (44.0% compared to 49.8% overall).
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t Smoking and Physical Fitness
Two types of analyses were used to examine the relationship between smoking and physical fitness.
First, analyses of variance were computed to compare PRT scores across the three smoking status groups: never smoked, former smoker, and current smoker. Second, Pearson product-moment correlation coefficients were computed to X examine the degree of association between PRT performance and the average amount smoked per day. The latter analysis was done two ways: 1) with nonsmokers and former smokers included and coded as smoking zero amount per day, and 2) with nonsmokers and former smokers excluded so that the effects of the quantity smoked could be examined among smokers only. Table 2 presents descriptive statistics and analysis of variance results comparing raw PRT scores and the Navy's sex-and age-adjusted classification scores across the smoking status groups. Significant effects were found for both raw scores and classification scores for all the PRT components except the sit-reach flexibility test.
Performance on the 1.5-mile run, sit-ups, and overall tests showed a decreasing linear trend between smoking and performance: current smokers performed the worst and those ,-7. who had never smoked performed the best, with former smokers in the middle. Percent body fat showed a different pattern: those who had never smoked were the leanest and former smokers were the fattest, with current smokers in the middle. The footnotes in Table 2 summarize the statistically significant group differences based on post hoc
Modified Least Significant Difference tests (SPSS, 1983 ).
These tests were followed up with another series of analyses which took age into account. Because physical fitness is known to decrease with age, these analyses were done to be sure that effects of smoking status were not spurious effects of age (i.e., smokers having lower fitness only because they tended to be older than nonsmokers).
The ANOVA procedure in SPaS x (SPSS, 1983) was used to compute analyses of covariance controlling for age and 2-way analyses of variance with smoking status as one factor and age, dichotomized as less than 30 years old versus 30 or more years old, as a socond factor. As expected, age had significant effects on all four physical fitness measures.
With age controlled, smoking status had significant effects on all the fitness measures except sit-reach flexibility. There was one significant age by smoking status interaction which indicated that the negative impact of smoking on 1.5-mile run performance was stronger for older men. These findings suggest that the significant effects of smoking status shown in Table 2 are not a spurious result of age.
-. ,. a Current smokers ran significantly (p <.01) slower than former smokers and those who had never smoked; the latter two groups did not differ (p >.05).
b Current smokers did significantly (p <.01) fewer sit-ups than former smokers and those who had never smoked. Former smokers also did fewer (p <.01) sit-ups than those who had never smoked; however, they were not significantly (p >.05) different on the classification rating for sit-ups.
C Those who had never smoked were significantly (p <.01) leaner than current and former smokers; the latter two groups did not differ (p >.05).
d Those who had never smoked performed significantly (p <.05) better overall than current and former smokers; the latter two groups did not differ significantly (p >.05). Table 3 shows the correlations between the raw PRT scores and the amount smoked per day.
The first column of correlations included nonsmokers and former smokers coded as smoking zero amount per day, and the second column of correlations is based on smokers only. All correlations were significant at p <.05. Figures 1 and 2 clearly show inverse linear associations between smoking and performing well on both the 1.5-mile run and sit-up tests. These trends are evident in both age groups even though the relationship between smoking and run performance is stronger for older men. Figure 3 indicates that there is not a simple monotonic association between smoking and sit-reach flexibility; however, heavier (over 20 cigarettes a day) smokers tended to be less flexible than light (20 or less cigarettes a day) smokers in both age groups. Figure 4 shows that there is also not a simple association between smoking and percent body fat. However, among men under 30 years of age, those who had never smoked were significantly leaner than both former smokers and current smokers. Among those 30 or more years of age, there were no significant group differences, although there was a trend (p <.10) for former smokers to have higher percent body fat than those who had never smoked and current smokers. Smoking among Navy personnel should be a cause of concern not only because of its adverse impact on physical fitness, but also because smokers are in general more costly to employers than nonsmokers. These costs include higher health care costs, lost productivity, and increased absenteeism (Kristen, 1983) . Smokers have been found to have increased illness and morbidity as well as premature death (Kristen, 1983; Weis, 1981) . Because of the increased costs, decreased productivity, and decreased health and physical fitness related to smoking, the Navy should be especially concerned about having smoking rates which are substantially higher than the U.S. population at large.
SMOKING AND PHYSICAL FITNESS
SIT-REACH FLEXIBILITY
Recommendations and Future Research
Based on findings from this study, we recommend that the Navy's anti-smoking efforts focus heavily on prevention. Overall, those who had never smoked were more physically fit than both current smokers and former smokers. Men who had never smoked tended to be leaner, could do more sit-ups, and scored higher on the overall PRT classification rating than current smokers and former smokers.
14 Efforts to get smokers to stop smoking are also strongly recommended to improve physical fitness.
Getting people to stop smoking should improve both cardiorespiratory endurance and muscular endurance, as former smokers performed better on the 1.5-mile run and sit-up tests than current smokers.
Because preventing people from ever starting to smoke appears to be the best way to avoid the smoking "costs" to physical fitness and health, future research should determine why the Navy has such high rates of smoking. For example, does the Navy attract smokers through its enlistment procedures or do people start smoking after they join the Navy because of environmental pressures in work or social settings? If a higher percentage of smokers are being attracted to the Navy, recruiting information and procedures might be modified to ensure that potential recruits know that the Navy is strongly anti-smoking and pro-fitness and health. If people are starting to smoke after they join the Navy, research needs to identify relevant environmental, social, and psychological factors which encourage smoking behavior. Interventions can then be developed to modify these factors. Successful interventions, regardless of whether they are aimed at preventing the onset of smoking or at getting people to stop, will help the Navy reach its goals for maintaining a healthy and fit force. 
